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Abstract. In this paper the influence of the composition of the liquefied starch and of pH on 
the quality of saccharification at the obtaining of maltose syrup is investigated. A large number of 
experiments (68) in various liquefaction conditions show that Dextrose Equivalent (DE) and the 
composition in hydrolysis products with Degree of Polymerisation higher as four (DP ≥4) in the 
liquefied starch have a strong influence on the saccharification products, mainly on the maltose 
content in the maltose syrups. The liquefied starch with DE lower as 25 has smaller amounts of DP ≥4 
(40 to 60%), whereas the liquefied starch with DE between 25 and 27 has high amounts of DP ≥4 (60 
to 80%). For the production of maltose syrups, the liquefied starch must have DP ≥4 in high 
percentage (≥70%); the optimal yield in maltose at saccharification is attired when the proportion of 
DP ≥4 is 70%. pH influences strongly the enzymatic activity of the enzyme Optimalt BBA used at 
saccharification; the pH interval for the obtaining of maltose syrups is 4.7 to 5.4. The saccharification 
at lower or higher pH doesn’t allow the obtaining of maltose syrups. 
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INTRODUCTION 
 
Maltose syrups are organic syrups with maltose as major component obtained from 
corn starch by enzymatic hydrolysis (Mironescu et al., 2007). Classically, as all the products 
resulted at the starch hydrolysis, maltose syrups are characterised by Dextrose Equivalent 
(DE) which represent the total number of reducing sugars (Mironescu and Mironescu, 2000). 
Actually, the quality control of the products obtained through hydrolysis is based on the 
composition in saccharides with different Degrees of Polymerisation (DP) (Mironescu et al., 
2008). The commercial maltose syrups contains 5-10% glucose (DP1), 45-50% maltose 
(DP2) and 40-45% other products (with higher DP) (Okada and Nakakuki, 1992). 
Maltose syrups are usually used as sweeteners, flavour and taste enhancers, moisture 
conditioners, stabilisers to protect against the crystallisation of sucrose in confectioneries as 
well as a cryoprotectant controlling ice crystal formation in frozen food (Synowiecki, 2007). 
Compared with the glucose syrups, they have lower viscosity and hygroscopy, smaller 
reducing character and better thermal resistance (Trifan et al., 2007), properties that 
recommend them as a glucose syrup replacer in many confectionery products as high-boiled 
candies. Depending on the percentage between DP1, DP2, DP3 and DP>3, these properties 
can vary, influencing the characteristics of the confectionery. 
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The manufacturing of maltose syrups comprises (i) gelatinisation and liquefaction of 
starch milk and the subsequent (ii) saccharification of the liquefied starch milk, with the 
obtaining of maltose syrup by using different enzymes and conditions. For the liquefaction of 
starch α-amylases of different origins are used; they are endo-enzymes and action on the 
intracellular glycosidic bounds by forming dextrins with various molecular masses (Guzman-
Maldonado and Paredes-Lopez, 1995; Van der Maarel et al., 2002). For the obtaining of the 
maltose syrups, β-amylases are used in the saccharification step; they are exo-enzymes and 
cut compounds with DP2 (meaning maltose) from dextrins (Okada and Nakakuki, 1992).  
Because the number of enzyme types increases constantly with the evolution of the 
microbial biotechnology, the authors developed a database and a system for decision support, 
called ENZYSSYS with all the data required for the design and control of the hydrolysis 
process (Mironescu, 2002). In order to validate the decision support system, previous works 
enlarged the database with types of enzymes used for starch hydrolysis (Mironescu et al., 
2007). Other experiments were made to identify the liquefaction optimal conditions at the use 
of Thermamyl 120 L as liquefaction enzyme (Mironescu et al., 2008). The results showed that 
in the liquefied starch higher concentrations of enzyme and smaller liquefaction time 
increased the quantity of products with DP≤3, whereas smaller quantities of enzyme and 
higher time increase the proportion of products with DP>7; the optimal point for the 
liquefaction was found in the intersection area of the optimal values for three functions 
obtained for products with DP>7, 3<DP<7 and DP1+DP2. 
The hydrolysis action of β-amylase at saccharification is depending on the 
composition of the liquefied starch; the enzyme is able to cut the glycosidic bounds in 
compounds having DP ≥ 4 (Bentley, 1999). For this reason, it is important to know the 
content of the liquefied starch. In this work we have as main goal to establish the influence of 
the composition of liquefied starch (rapport between the hydrolysis products with different 
DP) on the maltose syrup composition obtained with the enzyme β-amylase as hydrolysis 
agent in the saccharification step. Also, we analyse the influence of pH on the β-amylase 
activity. 
 
MATERIALS AND METHODS 
 
Corn starch with the characteristics: Dry substance (DS) = 13%; Protein content = 
0.35% DS; Fat content = 0.7% DS; Ash = 0.1% DS was used. 
Liquefaction. An industrial installation working on the low-temperature principle was 
used. The liquefaction was realised with the enzyme Thermamyl 120 L from Novozymes. A 
large number of experiments (68) in different conditions were made: concentration of enzyme 
0.6-1.2 kg/t DS starch; pH=4-6; Concentration of calcium ions 70 ppm; Suspension 
conductibility 400µS/cm; Gelatinisation temperature (in jet cooker) 104-110°C; 
Gelatinisation time=4-7 min.; Final liquefaction temperature 95°C; Liquefaction time 2 h; 
Concentration of starch suspension 30-40%. 
Saccharification. Experiments were realised on an industrial installation with the 
enzyme Optimalt BBA in concentration of 0.3 kg/t dry weight (DW) starch. The working 
parameters were: pH = 4.2–5.8; Saccharification temperature 55-65°C; Saccharification time 
20 h; Concentration of liquefied starch suspension 30%. 
Sugars composition was determined by HPLC, as described in (Mironescu et al., 
2007). 
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RESULTS AND DISCUSSION 
 
Taking into account the conditions imposed by saccharification (dextrins with DP>4 in 
percentage higher as 68%, maximal amount of DP3 35% and the presence of glucose in 
quantities smaller as 10%) (Bentley, 1999), the percentage of compounds with DP ≥4 resulted 
at liquefaction was first analysed (Fig. 1). The results are presented as relation between the 
dextrins DP ≥4 and DE. As observed, depending on the liquefaction conditions, the products 
with DP ≥4 have two distributions, depending on DE. They are found in proportions around 
50 -55% for DE varying in the range 21-25 (Area I in Fig. 1) and 70-80% when DE increases 
to values from 25 to 30 (Area II in Fig. 1). So, it can be concluded that liquefaction must be 
realised until DE attire values in the interval 25-30. Exactly liquefaction conditions were not 
shown because they are considered not important for this discussion.  
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Fig. 1. Relation between DE and DP≥4 at liquefaction 
 
From the results presented in Fig. 1, fifteen from the experiments realized in Area II 
were chosen to be analysed. The experiments excluded were those where the proportion of 
DP3 was higher as 20% and the proportion of DP1 was higher as 20%. Tab. 1 and Tab. 2 
show the exactly compositions in DP1, DP2, DP3 and compounds with DP ≥4, together with 
the DE values of liquefied starches, respectively saccharified syrups resulted in the fifteen 
experiments chosen. 
In all the fifteen experiments, the other condition imposed to liquefaction products by 
saccharification (glucose in quantities smaller as 10%) is fulfilled (Tab. 1). The increase of 
DE in the liquefied starch is given by the formation of maltose and not by glucose. DP3 are 
produced in higher amounts in products with higher DE. 
At the end of saccharification, maltose syrups are obtained only from the liquefied 
starch resulted in the first five experiments (Tab. 2). The other products are considered to 
belongs to the category of starch hydrolysates, having lower content of maltose (<45%) and 
relatively small amounts of glucose. 
 The comparative analysis of the characteristics of the two types of products shows the 
relation between the values of DE in the liquefied starch and the maltose content in the final 
syrups. The maltose syrups are obtained from liquefied starches with DE between 25 and 27. 
A
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Tab. 1 
The composition of liquefied starches analysed 
 
No DE ≥ DP4, % DP3 (maltotriose), % DP2 (maltose), % DP1 (glucose), % 
1. 24.86 79.6 12.69  7.71 
2. 25.34 78.64 8.05 10.44 2.36 
3. 25.68 75.54 16.10 7.14 1.22 
4. 26.34 74.25 15.93 8.43 1.38 
5. 27.01 73.40 15.00 10.00 1.60 
6. 27.81 68.42 21.06 9.06 1.46 
7. 28.03 69.68 17.99 10.65 1.69 
8. 28.44 68.73 18.24 11.17 1.85 
9. 28.6 67.93 19.18 10.54 2.35 
10. 28.7 68.52 18.25 10.88 2.34 
11. 29 68.65 18.04 10.73 2.58 
12. 29 67.83 18.22 11.63 2.31 
13. 29.47 65.98 19.54 12.40 2.09 
14. 29.5 66.16 19.36 11.94 2.54 
15. 30.12 64.32 20.28 13.07 2.33 
 
Tab. 2 
The composition of syrups resulted from liquefied starch from the nineteen experiments analysed 
 
No ≥ DP4, % DP3 (maltotriose), % DP2 (maltose), % DP1 (glucose), % 
1. 20.15 21.67 48.53 7.08 
2. 19.60 21.32 48.04 5.2 
3. 23.59 25.29 47.00 4.12 
4. 23.98 25.53 46.92 3.48 
5. 20.59 20.13 46.61 5.64 
6. 15.16 22.53 45.86 15.12 
7. 23.21 27.5 44.2 5.1 
8. 26.52 24.98 43.61 4.88 
9. 18.86 22.91 42.85 13.94 
10. 28.28 25.08 41.96 4.69 
11. 18.24 27.89 40.32 12.49 
12. 17.38 27.64 39.05 11.26 
13. 34.60 22.81 35.51 7.06 
14. 18.64 28.94 34.58 12.51 
15. 25.30 29.45 27.85 9.41 
 
Fig. 2 presents the relation between the compounds with DP ≥4 resulted at liquefaction 
and maltose formed at saccharification. When the products with DP ≥4 are in percentage 
lower as 70% (65% to 70%), the formation of maltose increases linearly, whereas when the 
quantity of compounds having DP ≥4 increases to 70-80%, the amount of DP2 formed at 
saccharification doesn’t show a significant increase (Fig. 2). The results demonstrate that the 
optimal percentage of DP ≥4 should be around the value 70% for the obtaining of syrups with 
45% DP2. 
 
368 
 
y = 3,1674x - 174,61
R2 = 0,8749
y = 0,298x + 24,688
R2 = 0,9724
0
5
10
15
20
25
30
35
40
45
50
60 65 70 75 80 85
DP4+DP>4, %
M
a
lto
s
e
,%
 
Fig. 2. Relation between the compounds with DP ≥4 resulted at liquefaction and maltose formed at 
saccharification 
 
The relation between pH and maltose production at the saccharification of liquefied 
starch with the enzyme Optimalt BBA is presented in Fig. 3.  
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Fig. 3. Relation between pH and maltose production at the saccharification of liquefied starch with the enzyme 
Optimalt BBA 
 
The results show that the optimal pH conditions for obtaining syrups with different 
percentage of maltose are different. For the production of maltose syrups with DP2 around 
45%, pH during saccharification has to be maintained at 4.7. The percentage of maltose syrup 
increases to 49% when pH increases to maximal 5 and begins to decrease at the increase of 
pH. The pH interval for the obtaining of maltose syrups is 4.7 – 5.4. 
When pH at saccharification has values lower as 4.7, no maltose syrups are obtained 
(<45% DP2). 
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CONCLUSIONS 
 
The composition of maltose syrups at saccharification is strongly dependent on the 
composition of liquefied starch, main on the compounds with higher molecular mass (DP ≥4) 
from which maltose is resulted through hydrolysis. The experiments in this work allow 
sharing the liquefied starch in two main categories important for the maltose syrups: liquefied 
starch with DE lower as 25, which has small amounts of compounds with DP ≥4 and liquefied 
starch with DE between 25 and 27, generally characterised by higher amounts of DP ≥4. 
When the production of maltose syrups is intended, the product resulted at liquefaction 
must have compounds with DP ≥4 in percentage ≥70%. The optimal yield in maltose at 
saccharification is obtained when the proportion of compounds with DP ≥4 is around 70%. 
pH has a high influence on the enzyme activity. The maltose syrups are obtained at pH 
varying from 4.7 to 5.4. The saccharification at lower or higher pH doesn’t allow the 
obtaining of maltose syrups. 
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